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Introduction

This Lunar Orbiter final report contains a
description of Mission V planning, its conduct
with respect to photography, and an evaluation
of the photographic results. Data pertinent to
analysis and interpretation of the photographs
by the user are included. A detailed functional
description of the spacecraft photo subsystem
and the ground reconstruction may be found in
Lunar Orbiter Mission 1 Final Report, NASA
Document CR-847. Changes and modifications
based on that and following missions are de-
scribed in the respective final reports on
photography for those missions. No modifica-
tions significant to the photographic results were
made following Mission IV.

Mission V was basically similar to the first three
missions but with two important differences: a
highly inclined (85-degree) orbit was used (as
for Mission IV), and the number of individual
photographic sites was markedly increased. The
number of frames used for farside photography
was also increased.

Near-vertical, convergent

telephoto stereo-

scopic, and oblique photography was used to
obtain the desired data. Either single- or
multiple-frame sequences were taken for cover-
age appropriate for the particular site. All
photography planned for the mission was
accomplished and the photographs were
reconstructed. No major subsystem malfunctions
or failures occurred.

Camera operation was satisfactory and high-
quality photography was achieved. Photographic
quality was somewhat degraded in certain
frames by the occurrence of a defect in process-
ing, and by occasional intermittent video drop-
out. The latter problem had only a very minor
effect on information content of the photographs
because it involved only a few scan lines each
occurrence.

Mission photography began August 6, 1967,
at 11:24 GMT, and ended August 18 at 21:40
GMT after 212 frames had been exposed. The
photographic portion of the mission was ter-
minated August 26, 1967, with the completion
of final readout.
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III,

1.0 Photographic Mission Description

1.1 PROJECT OBJECTIVES

The Lunar Orbiter program primary objective
is to provide information necessary to locate and
to certify sites that meet the requirements for
Apollo manned lunar landings. Secondary
objectives are to provide lunar environmental
data and data pertinent to selenodesy. These
objectives and requirements have been stated
explicitly in the Mission III final report on
photography (NASA CR 984). Mission III
essentially completed the original Lunar Orbiter
task and permitted an extension of project objec-
tives: to contribute directly to solving the
problem of understanding the Moon as an
entity. Mission IV is noted for the major accom-
plishment of near-vertical photography of
virtually all of the nearside — most at a ground
resolution of 60 to 80 meters. The success of
Mission IV provided the opportunity for even
further extension of Lunar Orbiter project
objectives.

1.2 MISSION V OBJECTIVES
Mission V objectives have been stated in NASA
LOTD-120-0:

“Primary:

To obtain from lunar orbit, photog-
raphy of selected “scientifically
interesting areas on the front and far
sides of the Moon, and supplemental
photography of candidate Apollo sites.

Secondary:

To provide precision trajectory infor-
mation for use in improving the
definition of the lunar gravitational

field.

To provide measurements of micro-
meteoroid flux and radiation dose in
the lunar environment, primarily for
spacecraft performance analysis.

To provide a spacecraft which can be
tracked in lunar orbit by the MSFN
stations for the purpose of exercising
and evaluating the tracking network
and Apollo Orbit Determination
Program.”






2.0 Photographic Mission Design

Five basic photographic tasks were defined to

accomplish the primary mission objective.

® Provide additional photography for the
Apollo program,;

® Provide broad-survey photography of un-
photographed areas of the farside;

® Provide photography of scientifically inter-
esting Surveyor sites;

® Provide photography of scientifically interest-
ing “landable” areas for the Apollo Application
Program (AAP);

® Provide photography of scientifically inter-
esting areas.

Accomplishment of each task results in scientifi-
cally interesting photography, but photography
of the Apollo landing sites for their certification
was directed more toward the problems associat-
ed with manned lunar landings than toward
a particular scientific objective. Mission design
was directed by the tasks to be done and by the
constraints and requirements dictated by the
spacecraft and photo subsystem.

2.1 MISSION TASKS

Although two basic types of photography —
Apollo and science — are involved, each of the
tasks are defined separately to facilitate under-
standing some of the unique photographic and
site characteristics.

2.1.1 Task 1
Eight candidate Apollo landing sites have been

selected from data obtained from Lunar Orbiters
I, I1, IT1, and Surveyor I. An additional potential
site on the western edge of Mare Fecunditatis
has been located on the basis of less data.
Therefore, there are nine sites for which the
Manned Spacecraft Center desired the following
three types of photography which have been
determined to be useful for Apollo landing site
certification.

® Near-vertical, to provide the best ground
resolution for identification of landing site
characteristics and hazards, and for slope data
within the landing area and part of the
approach path.

® Convergent telephoto stereo, to provide
additional slope data for the site and portions
of the approach path.

® Oblique, to show a representative view of the
site and approach path as will be seen by an
astronaut during a manned lunar landing.
This type is also to be used for landmark
identification along the approach path and
proximal to the site.

The Mission V task — to provide the additional
photography needed to complete coverage of
the selected sites — is summarized in Table 2-1.
The sites are identified by the designation given
on previous missions.

In addition to the above photography, an oblique

Table 2-1: Status of Apollo Landing Site Photography

Site* Photographic Data Type
Convergent
Near-Vertical Telephoto Oblique
Stereo
IP-1 Required Required Required
IIP-2 Completed Required Required
I1P-6 Completed Required Required
1IP-8 Completed Required Completed
11P-9 Completed Completed Completed
IIP-11 Completed Completed Completed
IIIP-11 Completed Required Completed
IIP-13 Completed Completed Completed
III1P-12 Completed Completed Completed

* Site number designated on prior Lunar Orbiter mission.



photograph including the zero-phase point to
simulate a “worst case” view during an approach
was to be obtained in Mare Fecunditatis.

2.1.2 Task 2

This task of Mission V is to photograph as much
of the unphotographed farside as possible, with
emphasis given to coverage of the equatorial
gap remaining from previous missions.

2.1.3 Task 3

Lunar Orbiters 1, II, and III photographed sev-
eral areas to provide data for use in evaluating
their potential as Surveyor landing sites. One of
these was used for Surveyor II1. Additional areas
had been selected for future Surveyor missions,
including Sinus Medii, in Mare Tranquillitatis,
and Hipparchus. This Mission V task was to
provide contiguous telephoto coverage of
specific areas such as Hipparchus, so that if
used as a Surveyor landing site, correlation of
Lunar Orbiter and Surveyor photography can
uniquely locate the Surveyor spacecraft as done
for Surveyor III.

2.1.4 Tasks 4 and 5

One of the Mission V tasks was to screen po-
tential sites for AAP in much the same manner
as was done by Lunar Orbiters I and II for
Apollo. The characteristics that a site must have
to be “landable” by AAP are presently unde-
fined; therefore, a judgment was employed

using Apollo requirements as a guide. The
complete group of scientifically interesting sites
that could be accommodated by Mission V
were first selected and then reexamined to
define those with landing potential for AAP.

Task 5 differs from Task 4 only in that the sites
selected for photography as a part of Task 5 do
not have AAP landing potential by the criteria
used. The prime criteria for a Task 4 or 5 site
were that Mission V photography must be
expected to answer some additional questions
that will contribute to scientific understanding
of the Moon.

2.2 SITE SELECTION

Fifty sites were selected to satisfy the require-
ments defined by Tasks 1, 3, 4, and 5, and 24 on
the farside to satisfy Task 2. In addition, a photo-
graph of Earth with nearly full illumination was
planned. The nearside sites are summarized in
Table 2-2 and are shown plotted on a lunar
mosaic in Figures 2-1, -2, and -3. Of the 50
nearside sites, 14 are in support of the Task 1
Apollo requirement.

To expedite planning, initial selection of
Mission V sites was made prior to availability
of Mission IV photographic data. When this
data became available for additional evaluation
of the initial site selections, a few sites were
deleted and the location of others was modified
to obtain more significant data.

Table 2-2: Mission V Nearside Photographic Sites
*See “Notes” at end of table

Site Task* Name
V-1 5 Petavius
V-2.1 5 Petavius B
V-3.1 1 IP-1
V-4 3 Stevinus A
V-3.1 5 Messier
V-6 1 IP-1

Coverage* Type*
4F NV
1 NV
1 WO (a)
1 NV
1 CO (b)

1 wO




Table 2-2 (Continued)

V-1la
V-11b
V-12
V-13
V-14
V-15.1
V-16a
V-16b
V-18
V-19
V-21
V-22
V-23.2
V-24
V-25
V-26.1
V-27a
V-27b
V-28

V-29

Task*

4-5

Name
IP-1
IP-1
11P-2
Altai Scarp
IIP-2
I1P-2
Censorinus
I1P-6
Littrow
Dawes
I1P-6
I1P-6
Dionysius
Albufeda Crater Chain
South of Alexander
Sulpicius Gallus Rilles
Hyginus Rilles
Hipparchus
Alpine Valley
Hadley Rille
IIP-8
11P-8
Alphonsus

Rima Bode II

Coverage*
4 F

4F
1
1
4F

4F

4F

4F
4F

4F

4 F
4F
4F

4F

48
4F
4 F
4F

4F

Type*

CTS

WO

CO (¢)

CTS

NV
wO
NV

NV

CTS

NV
NV
NV
NV
NV
NV
CO (¢)

NV

CTS

NV

NV




Table 2-2 (Continued)

Site Task* Name Coverage* Type*
V-30 5 Tycho 4F NV
V-31 5 Sinuous Rille East of

Plato 4F NV
V-32 5 Eratosthenes 4F NV
V-33 4-5 Area of Copernicus CD 1 NV
V-34 4-5 Fra Mauro 4 F NV
V-35 4-5 Copernicus Secondaries 48 NV
V-36 5 Copernicus H 4 F NV

v-37 4-5 Copernicus 8F NV
V-38 4-5 Imbrium Flows 4F NV
V-40 4-5 Tobias Mayer Dome 4 F NV
V-41 5 Vitello 1 NV
V-42a 1 I11P-11 4 F
V-42b 1 IT1P-11 4 F oTs
V-43.9 5 Gassendi 4 F NV
V-45.1 5 Jura Domes 4 F NV
V-46 5 Harbinger Mountains 8 F NV
V-48 5 Aristarchus SF NV
V-49 5 Cobra Head 4F NV
V-50 4-5 Aristarchus Plateau 4F NV
V-51 4-5 Marius Hills 4 F NV |

Notes
Coverage:

Number of frames exposed and sequencing mode;
F - fast mode contiguous telephoto coverage

S - slow mode 50% wide-angle overlap



Table 2-2 Notes (Continued)

Tasks: 1 Apollo support WO Westerly oblique

3 Surveyor candidate site a) Includes zero-phase point

4 AAP candidate site CO Conventional oblique

5 Science site b) Westerly perpendicular to orbit
Type: c) Southwesterly

NV Near-vertical CTS Convergent telephoto stereo

B

Figure 2-1: Location of Apollo Sites for Mission V Photography



Figure 2-2: Mission V Nearside Sites Designated for AAP

2.3 ORBIT DESIGN

Mission site locations and the type and extent
of required coverage were major considerations
in determining the most suitable mission orbital
parameters. The combination of broad coverage
of the farside, without using excessive tilt, and
high resolution of nearside areas required a
highly elliptical, 85-degree-inclination initial

orbit for part of the farside photography, followed
by transfer to a lower orbit for nearside photog-
raphy. To change from the initial highly ellip-
tical orbit, having a 6,000-kilometer apolune
and a 200-kilometer perilune, to the final desired
orbit having a 1,500-kilometer apolune and a
100-kilometer perilune, an intermediate orbit
was necessary. For the second or intermediate
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Figure 2-3: Mission V Nearside Science Sites

orbit, perilune was lowered to 100 kilometers.
The planned orbital parameters and reasons
for their selection are summarized in Table 2-3.

With apolune of the initial orbit over the farside,
the area could be photographed with the camera
axis tilted toward the properly illuminated
portion. The required tilt was not excessive,

since photography was accomplished from a
high altitude. The photography planned from
this initial orbit was similar to some Mission IV
photography.

Following completion of operations in the initial
orbit, transfer to a second, intermediate orbit
was required before the orbit necessary for the



Table 2-3: Orbital Design Parameters

Orbital Parameters

Posigrade

Ascending-node nearside photog-
raphy

Inclination 85 deg

Initial ellipse
Period 8.4 hrs
Perilune 200 km
Apolune 6,000 km

Intermediate ellipse
Period 8.3 hrs
Perilune 100 km
Apolune 6,000 km

Final ellipse
Period 3.2 hrs
Perilune 100 km
Apolune 1,500 km

Reason
Visibility of deboost from Earth

Preferred lighting conditions;
Canopus update

Access to and proper lighting for
high-latitude sites

To provide farside coverage.
Impact hazard

Intermediate step to achieve final
orbit

Within IMC operating range at

high latitudes, minimize cross-

track tilt; acceptable photo resolu-

tion and areal coverage, within AV
capability

major portion of the mission photography could
be achieved. For the intermediate orbit, perilune
was changed from 200 to 100 kilometers. Addi-
tional farside photography was planned for the
intermediate orbit. Photography from the inter-
mediate orbit was similar to that from the initial
orbit because apolune altitude remained
unchanged from about 6,000 kilometers. The
final maneuver sequence reduced apolune to
1,500 kilometers to place the spacecraft in the
orbit desired for principal Mission V nearside
photography.

Orbital parameters selected for the final orbit
affected mission photography characteristics.
The 100-kilometer perilune altitude was about
twice that used in the first three missions; thus,
the best resolution of the photographs would be
about 2 meters for the telephoto lens and 16
meters for the wide-angle lens. This reduction
in resolution was accepted to enable convergent
telephoto stereo coverage without excessive
camera tilt. The Manned Spacecraft Center has
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defined the maximum useful cross-track tilt to
be approximately 30 degrees, and the higher
altitude reduced the required tilt. In addition,
the area included in the coverage of a given
photograph would be increased by a factor of
four, allowing near-equatorial sites to be photo-
graphed with half the number of frames neces-
sary on the first three missions; hence, a larger
number of sites could be photographed.

Although perilune was nearly over the equator,
the dispersion of sites over a wide latitude range
resulted in a difference in photographic altitude
dependent on the site latitude. This also resulted
in a variation in static resolution approximately
proportional to the latitude because of high
inclination of the elliptical orbit. This relation-
ship is shown in Figure 2-4, in which premission
orbital parameters with perilune over the
equator were used. Actual parameters differed
slightly. Because of parameter changes caused
by gravitational anomalies, some spacecraft
altitude variation occurred at a given latitude.
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Figure 2-4: Static Resolution vs Spacecraft
Latitude

Actually, perilune did not occur directly over the
equator but at about 2°N, thus affecting the
altitude-latitude relation for north and south
latitudes. Varying amounts of camera axis tilt
were required to photograph the targets; there-
fore, actual static resolution should be related
to slant range rather than to spacecraft altitude
because resolution is proportional to the dis-
tance from camera to object. This data may be
obtained for each photograph from Table 5-4.

2.4 FILM MANAGEMENT AND

BUDGETING

2.4.1 Film Budget

Allocation of frames for photography of the

planned sites was established on the basis of a

number of requirements and system constraints,

which include the following.

® Initially, 11 frames were required to move
the leader-to-film splice off the supply roll
and through the camera to place the fifth
frame of SO-243 in position for the wide-angle
photograph of the first site.

® The Bimat-stick restraint required two frames
to be processed every 15 hours, but processing
two frames less frequently than every 4 hours

11

promotes Bimat dryout that results in some
processing degradation. Depending on the
dispersion of sites and the resulting schedule
for photography determined by orbit param-
eters, frames were required for necessary film
movement.

® Film allocation for each site was governed
by the type of photography required for that
site (see Table 2-4).

Table 2-4: Mission Film Allocation

Photography
Farside Nearside
Ellipse Sites Frames Sites Frames

Initial 5 19 0 0
Intermediate 7 7 0 0
Final 13 13 50 174
Photo Sequences Farside Nearside
Single frames 23 14
One four-frame 0 22
Two four-frame 0 5
One eight-frame 2 4

Single frames were used for oblique photo-
graphs and for features that are relatively small
and did not need broader coverage or forward
wide-angle stereo. A single four-frame sequence
was used where contiguous telephoto coverage
was desired and the area or feature required
four frames. In two instances, Sites V-26.1 and
V-35, broader coverage was more desirable;
thus, slow-mode sequencing was used for these
two sites. At three sites — V-37, Copernicus;
V-46, Harbinger mountains; and V-48, Aristar-
chus — broader coverage with contiguous
telephoto coverage was desired and eight-frame
sequences in the fast mode were used. Two
four-frame sequences were scheduled for each
of five sites where convergent telephoto stereo
coverage was desired.

2.4.2 Film Management
Film management during the photographic
portion of the mission was planned by a mission



event sequence and time-line analysis. This

study established the relationships of photo-

graphic film utilization, processing, priority

readout, and final readout. Basic to the study was

consideration of such factors as:

® Photo subsystem requirements and con-
straints established by Bimat-stick, Bimat
dryout, film-set, thermal control, power re-
quirements, and limitations on processing and
readout;

® Target area illumination;

® Orbital parameters and environmental factors,
including orbital period, times and duration
of Sun and Earth occultation, and view periods
of the Deep Space Network stations;

® Requirements for priority readout for opera-
tional evaluation and data recovery.

The relationship of photography, film process-
ing, and readout sequences to Sun, Earth, and
Canopus occultation times, orbital position, and
DSIF station view periods is shown graphically
in Figure 2-5. Start of photography was planned
for 17.5 hours after injection into the initial
orbit to enable photography of an area at 104°W
before it was obscured by the terminator. Once
begun, photography had to be maintained to
provide contiguous farside coverage.

The plan indicates processing two frames at
intervals varying from 6.5 to 15 hours from the
beginning of photography until Orbit 25. There-
after, at least two frames were to be processed

12

every 4 hours because these would be nearside
photographs. Processing frequency require-
ments were relaxed during the early portion of
the mission and reinstated for the prime near-
side photographs. Processing two frames every
4 hours from the beginning of photography
would have required expenditure of approxi-
mately 40 additional frames early in the mission.
In addition, frames were conserved and priority
readout was increased by relaxing the constraint
requiring a minimum content of two frames in
the camera looper to enable Bimat-cut in the
event of an inoperable film advance. The last
time the plan allowed the looper contents to go
below two frames was in Orbit 30, since prior
to that all photo data would have been read out.
If Bimat-cut had not been possible, only lower-
priority farside coverage would have been
permanently lost.

After photographing Site V-51, 217 frames of
film would have been used, including the four
unexposed frames between the splice and the
first wide-angle exposure. Then 6.3 frames
were to be processed, leaving four in the looper.
On the next orbit, the camera was to be advanced
16 frames and 16 frames processed, completing
a total of 227 frames equivalent of wet Bimat.
Following Bimat-cut, additional frames would
have to be advanced to place the last frame of
Site V-51 in readout position. After Frame 217
was advanced past the optical-mechanical scan-
ner and Bimat was clear, final readout could
start.
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3.0 Mission V Photo Subsystem Characteristics

3.1 PHOTO SUBSYSTEM DESCRIPTION
The Lunar Orbiter photo subsystem includes
five basic components: the dual-lens camera,
film processor-dryer, photo-video chain,
command-control-and-programmer, and ground
equipment. No major changes were made in
this subsystem following Mission III.

A brief description of the photo subsystem is
presented below for those unfamiliar with the
technique for acquiring the lunar photographs.
A detailed description of the subsystem and its
functions, together with the ground support
equipment necessary for reconstruction of the
photographs, has been included in Lunar
Orbiter Mission I Final Report, NASA CR-847.
Changes and modifications incorporated for
Missions II and III will be found in the final
reports for those missions, NASA CR 931 and
CR 984 respectively. The same modifications
were made on subsequent mission subsystems.

3.1.1 Camera

The camera had two separate objective lenses,
a 610-mm telephoto lens and an 80-mm wide-
angle lens, both operated at a fixed aperture of
f/5.6. A neutral-density filter having an optical
density of 0.18 was attached to the 80-mm lens
to balance its transmissivity with that of the 610-
mm lens. Both lenses focused on the same roll
of 70-mm S0O-243 film, with the two images
separated by a length of film equivalent to that
of a wide-angle and a telephoto format. A fold-
ing mirror in the optical path of the telephoto
lens was necessary for design requirements.
Vacuum platens held the film during exposure.
To compensate for image motion from the space-
craft motion, platen movement parallel to the
flight direction, or the spacecraft X axis, is
controlled by a velocity-to-height-ratio sensor
(V/H sensor) that tracks a portion of the 610-mm
lens image of the surface.

A focal-plane shutter was used with the tele-
photo lens and a between-the-lens shutter with
the wide-angle lens. Exposure control was
achieved by commanded selection of shutter
speed. Three speeds — 0.04, 0.02, and 0.01
second — were available. Both shutters operat-
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ed, at the same nominal speed, with actuation
of the 80-mm shutter delayed 40 milliseconds
after that of the focal-plane shutter. Operation
of the 80-mm shutter activated a series of
small lights that produce a binary time code on
the film.

Photographs could be taken as single frames or
sequences of 4, 8, or 16 frames. Multiple-frame
sequences could be taken in the fast mode —
which obtained contiguous telephoto coverage
with 87% forward overlap of wide-angle
coverage — or in the slow mode, which provided
50% forward overlap of wide-angle coverage.

3.1.2 Processor - Dryer

The SO-243 film was processed by the Bimat
processing method. In this process, the film
is temporarily laminated to the Bimat and carried
around a temperature-controlled drum while in
contact. During the lamination period, a single-
solution processing liquid, absorbed in the
Bimat emulsion, diffused into the SO-243 emul-
sion to simultaneously develop and fix the
photographic image. The S0O-243 and Bimat
were delaminated upon leaving the processor
drum. The used Bimat was collected onto a
takeup reel and the slightly moist SO-243 passed
through a heated dryer. The moisture was
absorbed by a desiccant.

3.1.3 Photo Video Chain

Optical density variations of the negative photo-
graphic image were converted into analog
electrical signals by the photo-video chain for
transmission to Earth. A 6.5-micron-diameter
image of an oscillating spot of light produced on
the rotating anode of a line-scan tube was
focused on the photographic film in the readout
gate. The image moved longitudinally on the
film a distance of 2.67 mm, and the scanner lens
moved at right angles to the film following each
scan. The result was a “framelet” having a
raster of 16,359 lines across 57 mm of the 70-mm
width. Following completion of one framelet,
the film was moved 2.54 mm to begin scan of
the next, moving across the film in the opposite
direction.



The light passing through the film, modulated
by the image density,was sensed by aphotomulti-
plier tube through associated light collection
optics. The resulting analog signal was amplified,
timing and synchronization pulses were added
to form the composite video signal, and the sig-
nal was transmitted to Earth by the spacecraft
video transmitter.

3.1.4 Command Control and Programmer

The command control and programmer (CCP)
electronics provided the capability to accept
real-time commands, store commands for later
action, and store programmed commands. The
CCP incorporated the logic to control the neces-
sarily complex sequencing and limitations of the
photo subsystem operation. This component
provided the versatility of operational proce-
dures that made possible the variety of photo-
graphic techniques used by Lunar Orbiter.

3.1.5 Ground Reconstruction Electronics

The ground reconstruction electronics (GRE)
provided the means of converting the received
composite video signal back into a photographic
image. The video portion of the signal was
separated, displayed on a kinescope tube, and
recorded on 35-mm film. In this process, the
photographic image was enlarged by a factor
of 7.2, resulting in each framelet being recorded
on 425.76 mm of the 35-mm film with a width of
19.939 mm, including the overlap of 0.445 mm
with the adjacent framelet. The GRE recon-
structed the photograph as a positive image
rather than a negative as on the spacecraft.
The individual framelets were subsequently
reassembled to form the complete photograph.
Approximately 28 framelets are required for a
wide-angle photograph and 96 for the telephoto.

3.2 CALIBRATION

Tests and calibrations performed on the photo-
graphic subsystem for Mission V were the same
as those for previous missions and are described
in Lunar Orbiter 1 Final Report, NASA CR 847.
The tests and calibrations include lens-film
characteristics, exposure calibration and control,
image-motion compensation, camera alignme